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A B S T R A C T

Objectives: The aim of this study was to report the draft genome sequence of the bacteriocinogenic strain
Enterococcus faecium E86. Bacteriocins are prokaryotic peptides or proteins with antimicrobial activity.
The genome information may contribute to the identification of enterocins produced by this strain that
exhibit inhibitory activity against the foodborne pathogen Listeria monocytogenes and vancomycin-
resistant enterococci (VRE) involved in human infections, among other bacterial genera and species.
Methods: An Illumina MiSeq platform was used for genome sequencing. De novo assembly of 5 735 838
paired-end reads was done using the A5-miseq pipeline, yielding >300-fold average genome coverage.
Genome annotation was performed by the RAST server, and mining of the bacteriocinogenic gene clusters
was done using the BAGEL3 and antiSMASH v.4 platforms.
Results: The total scaffold size was determined to be 2 689 107 bp, approximately 2.7 Mbp, featuring a
G + C content of 38.1%. The genome contains 2858 coding sequences and 74 RNA genes. Genome analyses
revealed the presence of: 30 genes involved in drug resistance; 2 bacteriocinogenic gene clusters (for
enterocin P and enterocin TW21); EntiTW21, a novel bacteriocin immunity protein and a novel
multilocus sequence type (ST1500).
Conclusion: This work highlights the potential biotechnological application of this strain for the
production of enterocin P, a bacteriocin that can be employed in the food industry as a biopreservative
against L. monocytogenes and as an alternative to classical antibiotics against VRE.

© 2019 International Society for Antimicrobial Chemotherapy. Published by Elsevier Ltd. All rights
reserved.
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1. Introduction

Enterococcus is a genus that belongs to the Enterococcaceae
family, being classified as a member of the group of micro-
organisms known as lactic acid bacteria. The genus Enterococcus is
currently composed of 38 species that differ in motility, pigment
production and capacity to produce acid from various carbohy-
drate sources [1]. These bacteria are Gram-positive, facultative
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anaerobe and oxidase-negative cocci that do not produce spores,
grow at high NaCl concentrations (up to 6.5%) and occur generally
either in pairs or in short chains [2]. Enterococci have the ability to
produce various types of substances with biotechnological
potential, such as enzymes, lactic acid, aromatic compounds and
bacteriocins, among others [3]. Bacteriocins are ribosomally-
synthesised antimicrobial peptides or proteins produced by
prokaryotes [4]. Enterocins, which are bacteriocins produced by
enterococci, generally have the ability to inhibit Listeria mono-
cytogenes, an important foodborne pathogen [4], as well as other
bacterial pathogens [5]. In the present work, the draft genome of
Enterococcus faecium E86, a strain isolated from meat pie, is
presented. This strain was shown to exhibit inhibitory activity
against strains of Pediococcus spp., Lactobacillus spp., Listeria spp.
 Elsevier Ltd. All rights reserved.
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(including L. monocytogenes) and vancomycin-resistant enterococ-
ci (VRE) [5].

2. Methods

Genomic DNA of E. faecium E86 was extracted using a
GenEluteTM Bacterial Genomic DNA Kit (Sigma-Aldrich, St Louis,
MO) according to the manufacturer’s instructions. A DNA library
was then prepared with the extracted DNA using a Nextera XT DNA
Library Preparation Kit (Illumina Inc., San Diego, CA). Whole-
genome shotgun sequencing was performed on an Illumina MiSeq
system (Illumina Inc.). De novo assembly of 5 735 838 paired-end
reads was done using the A5-miseq pipeline (https://sourceforge.
net/projects/ngopt/). Genome annotation was performed using the
Rapid Annotation using Subsystem Technology (RAST) server
(http://rast.nmpdr.org). Mining of bacteriocinogenic gene clusters
was done using antiSMASH v.4 (https://antismash.secondaryme-
tabolites.org) and BAGEL3 (http://bagel.molgenrug.nl) platforms
as well as by visual inspection. The BLASTP program was used to
search for sequence similarities between the predicted amino acid
sequences of each open reading frame (ORF) of the bacteriocino-
genic gene clusters and other proteins available in GenBank.
Identification of putative phages inserted in the genome was done
using the PHAST server (http://phast.wishartlab.com). The multi-
locus sequence type (MLST) was determined by the PubMLST
platform (https://pubmlst.org).

3. Results

Owing to its biotechnological potential for the control of
important human pathogens, here we report the draft genome of E.
faecium E86, a strain isolated from meat pie. The resulting draft
genome exceeded 300-fold coverage and consisted of 83 scaffolds
ranging from 507 bp to 241 631 bp, with an N50 value estimated at
86 854 bp.

The total scaffold size was determined to be 2 689 107 bp,
approximately 2.7 Mbp, featuring a G + C content of 38.1%. The
genome contains 2858 coding sequences and 74 RNA genes.

The genome of E. faecium E86 was shown to contain two complete
gene clusters encoding enterocin P (entPentiP) [6] and enterocin
TW21 (entTW21entiTW21) [7] (Fig. 1A,B) in scaffold 41. The
enterocin P cluster found was to be almost identical (>99% identity)
Fig. 1. Representation of the gene clusters of (A) enterocin P and (B) enterocin TW21. The
The arrows indicate putative promoters. (C) Nucleotide sequence of the gene encoding th
shown under the DNA sequence. The –10 and –35 regions of the putative Sig A-depen
to that described by Cintas et al. [6]. Regarding the enterocin TW21
cluster, the structural gene, which shows >99% identity to that
described by Chang et al. [7], appears to present a base pair deletion
in position 550 of scaffold 41, which would lead to a premature
termination codon (TGA) and translation of an inactive core peptide.
The gene encoding the novel putative immunity protein EntiTW21
(Fig. 1C) is located downstream of the entTW21 gene, being
preceded by a putative ribosomal binding site (RBS) and a putative
Sig A-dependent promoter, suggesting that it may be transcribed
independently from the bacteriocin structural gene. Scaffold 41 (14
855 bp), where both bacteriocinogenic gene clusters were found,
shows a high level of identity (99.8%) with the 49-kb plasmid pGR17
(GenBank accession no. CP033377.1). Such data suggest that both
enterocin gene clusters may be encoded by the same plasmid DNA.

The genome annotation also reported 30 genes involved in drug
resistance, such as genes related to heavy metal (mercury and
cadmium) and antimicrobial resistance (fluoroquinolone resis-
tance, β-lactam resistance and multidrug-resistance efflux pumps)
as well as two virulence factor genes, namely acm, an adhesin for
collagen, and efaAfm, a gelatinase. In addition, the bacterium carries
an intact prophage in its genome: Streptococcus phage phiARI0468-
1 (NC_031915).

The MLST type found was shown to be very similar to ST96 with
a substitution of adenine for guanine at position 81 in the pstS
gene. This mutation indicates a novel allele pstS 138 and,
consequently, a novel MLST sequence type, which was designated
as ST1500. The alignment of both bacteriocin gene clusters with
the NCBI genome databank revealed that their presence is not
related to ST96, since no strain whose genome exhibits a high-level
identity to them belongs to ST96. They were found in strains
belonging to ST17, ST21, ST78, ST80, ST117, ST456, ST736, ST796,
ST812 and ST869.

4. Discussion

The draft genome of E. faecium E86 reinforces that the
Enterococcus genus is an important reservoir of genes encoding
bacteriocins, which may exhibit broad-spectrum activity against
human pathogens, as well as drug resistance. It also provides
valuable information on the enterocins responsible for its
antagonistic activity. The enterocin P bacteriocinogenic cluster
has been well known for 20 years [7]. However, up to now, only the
 number under the genes indicates the number of amino acids of each gene product.
e putative enterocin TW21 immunity protein. The deduced amino acid sequence is
dent promoter and the ribosomal binding site (RBS) are underlined.
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enterocin TW21 structural gene had been sequenced [6]. The
complete enterocin TW21 gene cluster is now described owing to
the identification of its immunity protein, EntiTW21, never
reported before. As export of enterocin TW21 appears to depend
on the bacterial major secretory pathway Sec, no other genes
appear to be required for its production. As the structural gene
encoding enterocin TW21 appears to be non-functional due to a
nonsense mutation, the draft genome of E. faecium E86 highlights
the potential application of enterocin P as an alternative agent to
the classical antibiotics against VRE in human medicine and as a
biopreservative against L. monocytogenes in the food industry.
Moreover, as both enterocin gene clusters were found in strains
belonging to different STs, these results suggest their presence in
mobile genetic elements that must have been acquired by
horizontal gene transfer.

Nucleotide sequence accession no

This Whole Genome Shotgun project has been deposited at DBJ/
ENA/GenBank under the accession no. SIHT00000000. The version
described in this paper is version SIHT01000000.

Funding

This work was supported by a research programme funded by
the Brazilian National Council for Scientific and Technological
Development (CNPq) [303.602/2015-5 to MCFB]. FMF, MSF, INSS
and SLSMB are recipients of scholarships from CAPES/Brazil
[Finance Code 001]. Genome sequencing was performed at Rio
de Janeiro State University (Rio de Janeiro, Brazil).
Competing interests

None declared.

Ethical approval

Not required.

References

[1] Vu J, Carvalho J. Enterococcus: review of its physiology, pathogenesis, diseases
and the challenges it poses for clinical microbiology. Front Biol 2011;6:357–66,
doi:http://dx.doi.org/10.1007/s11515-011-1167-x.

[2] Fisher K, Phillips C. The ecology, epidemiology and virulence of Enterococcus.
Microbiology2009;155:1749–57, doi:http://dx.doi.org/10.1099/mic.0.026385-0.

[3] Araújo TF, CLDLF Ferreira. The genus Enterococcus as probiotic: safety concerns.
Braz Arch Biol Technol 2013;56:457–66, doi:http://dx.doi.org/10.1590/S1516-
89132013000300014.

[4] Nes IF, Diep DB, Holo H. Bacteriocin diversity in Streptococcus and Enterococcus. J
Bacteriol 2007;189:1189–98, doi:http://dx.doi.org/10.1128/JB.01254-06.

[5] Miguel MAL, de Castro ACD, Leite SFG. Inhibition of vancomycin and high-level
aminoglycoside-resistant enterococci strains and Listeria monocytogenes by
bacteriocin-like substance produced by Enterococcus faecium E86. Curr Micro-
biol 2008;57:429–36, doi:http://dx.doi.org/10.1007/s00284-008-9224-7.

[6] Cintas LM, Casaus P, Håvarstein LS, Hernandez PE, Nes IF. Biochemical and
genetic characterization of enterocin P, a novel sec-dependent bacteriocin from
Enterococcus faecium P13 with a broad antimicrobial spectrum. Appl Environ
Microbiol 1997;63:4321–30.

[7] Chang SY, Chen YS, Pan SF, Lee YS, Chang CH, Yu B, et al. Enterocin TW21, a novel
bacteriocin from dochi-isolated Enterococcus faecium D081821. J Appl Microbiol
2013;115:673–8, doi:http://dx.doi.org/10.1111/jam.12265.

http://refhub.elsevier.com/S2213-7165(19)30093-1/sbref0005
http://refhub.elsevier.com/S2213-7165(19)30093-1/sbref0005
http://refhub.elsevier.com/S2213-7165(19)30093-1/sbref0005
http://refhub.elsevier.com/S2213-7165(19)30093-1/sbref0010
http://refhub.elsevier.com/S2213-7165(19)30093-1/sbref0010
http://refhub.elsevier.com/S2213-7165(19)30093-1/sbref0015
http://refhub.elsevier.com/S2213-7165(19)30093-1/sbref0015
http://dx.doi.org/10.1590/S1516-89132013000300014
http://refhub.elsevier.com/S2213-7165(19)30093-1/sbref0020
http://refhub.elsevier.com/S2213-7165(19)30093-1/sbref0020
http://refhub.elsevier.com/S2213-7165(19)30093-1/sbref0025
http://refhub.elsevier.com/S2213-7165(19)30093-1/sbref0025
http://refhub.elsevier.com/S2213-7165(19)30093-1/sbref0025
http://refhub.elsevier.com/S2213-7165(19)30093-1/sbref0025
http://refhub.elsevier.com/S2213-7165(19)30093-1/sbref0030
http://refhub.elsevier.com/S2213-7165(19)30093-1/sbref0030
http://refhub.elsevier.com/S2213-7165(19)30093-1/sbref0030
http://refhub.elsevier.com/S2213-7165(19)30093-1/sbref0030
http://refhub.elsevier.com/S2213-7165(19)30093-1/sbref0035
http://refhub.elsevier.com/S2213-7165(19)30093-1/sbref0035
http://refhub.elsevier.com/S2213-7165(19)30093-1/sbref0035

	Draft genome sequence of Enterococcus faecium E86, a strain producing broad-spectrum antimicrobial peptides: Description o...
	1 Introduction
	2 Methods
	3 Results
	4 Discussion
	Nucleotide sequence accession no
	Funding
	Competing interests
	Ethical approval
	References


